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Abstract 
The transport of detached macrophytes from seagrass meadows and reefs, otherwise 
known as wrack, has been identified in some parts of the world as a marine subsidy 
which can increase the productivity of coastal ecosystems. The aim of this study was to 
determine whether wrack deposits act as a marine subsidy on sandy beaches in Perth, by 
determining whether it influences the structure of, and is a source of nutrient to, the 
macroinvertebrate communities in this ecosystem. This was achieved by examining the 
abundance, composition and nutrient source of macrofauna, including epifauna, infauna 
and flying fauna, on three sandy beaches with high wrack coverage and three beaches 
with low or no wrack coverage in the Perth metropolitan area. Carbon and nitrogen 
stable isotope analysis was conducted on macroinvertebrates and potential sources of 
production to determine whether they were gaining nutrients from marine or terrestrial 
primary production. 
There was a clear difference in the volume of wrack between beaches with high and low 
volumes of wrack, while sediment moisture and organic matter showed no difference 
between the two categories of beaches. High wrack beaches all had similar volumes of 
wrack present, while wrack was either absent or in very low volumes on low wrack 
beaches. There were strong differences between high wrack beaches and low wrack 
beaches in the abundance and taxa richness of macroinvertebrates caught using quadrats 
and cores. Epibenthic and infauna! macroinvertebrates, predominantly beetles and flies, 
were consistently present on high wrack beaches, whereas few, if any, individuals were 
found on low wrack beaches. No differences occurred for adult flies caught using sticky 
traps. 
Stable isotope analyses indicated that marine-derived wrack was the main source of 
nutrients for macroinvertebrates on beaches containing wrack material. o13C values of 
wrack ranged from -5.79 to -17.47%0, while terrestrial vegetation had much lower 
values, around -27.01%0. All macroinvertebrates o13C values were similar to those of 
wrack, ranging from -8.56 to -20.77%0. The o15N values indicated that spiders, 
staphylinid beetles and beetle larvae occupied a higher trophic level than other 
consumers; they are likely to be predators of other fauna within wrack accumulations. It 
therefore appears that macroinvertebrates are utilizing wrack as a source of both shelter 
and food. 
There was a lack of differences in macrofauna abundance among wrack beaches and 
between zones for high wrack beaches. This is most easily explained by the absence of 
any significant differences in the volume and distribution of wrack among beaches and 
between zones. Family composition did differ among beaches, a result that is likely to 
be related to the variability in wrack characteristics such as composition and age. 
The results indicate that wrack is acting as a marine subsidy for macroinvertebrates on 
Perth beaches. The removal of wrack is likely to result in the loss of macrofauna 
assemblages from sandy beaches in Perth, or changes in the abundance and composition 
of those assemblages. This is likely to influence the food web in the sandy beach 
ecosystem, the magnitude of which is not yet fully understood. 
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1. Introduction 
A beach covered with wrack is a common sight on Perth beaches during the winter 
months. Wrack, which comprises of detached macrophyte material that has been 
washed up onto the beach, has been identified as a marine subsidy in other areas of the 
world, where it can increase the productivity of beach ecosystems. This study broadly 
aims to determine whether wrack deposits on Perth beaches influence sandy beach, 
macroinvertebrate communities. 
1.1 Transfer of Energy from Ocean to Land Ecosystems 
Trophic links between two or more areas rely on the transfer of energy or nutrients from 
one area to another, particularly from more productive areas to those that are less 
productive areas. This transfer of material, which can occur at a variety of ecologically 
meaningful scales, has been termed an "ecological subsidy" (Polis et al. 1997). Polis et 
al. (1997) describe a subsidy as when a resource (prey, detritus and nutrients) in one 
habitat is transferred to a recipient (plant or consumer) in a second habitat. This transfer 
potentially alters the dynamics of the recipient system, by supplying an increased and 
different energy source which is otherwise unavailable. However, the direct and indirect 
effects of subsidised consumers on their environment remain poorly understood (Polis 
et al. 1997; Stapp & Polis 2003). 
Much of the work carried out on ecological subsidies has examined subsidies from 
marine to terrestrial environments. A large number of these studies were conducted on 
islands in the Gulf of California (Polis and Hurd 1995,1996; Anderson & Polis 1998; 
Stapp et al. 1999). All of these studies showed that islands with low terrestrial primary 
productivity support very high abundances of fauna, such as spiders, lizards and 
rodents. These large populations are subsidised by marine derived productivity, the 
main conduits of this subsidy being seabirds and beach cast wrack (Polis & Hurd 1995; 
Polis & Hurd 1996; Anderson & Polis 1999). Polis & Hurd (1996) predicted similar 
patterns to be evident in other areas of the world that also experience low rainfall, low 
terrestrial productivity and high marine input, such as the Western Australian coast. 
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1.2 Seabirds as a Marine Subsidy 
Seabirds can play an important role in marine subsidies to the terrestrial environment, 
and particularly to islands, as they utilise marine fauna as a food source and the land as 
roosting and nesting sites (Sanchez-Pinero & Polis 2000). Seabirds consume marine fish 
and macroinvertebrates and then deposit nutrients as guano onto the land. Guano is rich 
in both nitrogen and phosphorous and can indirectly increase herbivore and detritivore 
populations by increasing terrestrial primary productivity and altering the composition 
of vegetation (Polis et al. 1997; Anderson & Polis 1999; Stapp et al. 1999). On islands 
in Western Australia, Wolfe et al. (2004) found that islands with seabirds had soil 
nutrients 18 times higher than islands without seabirds, thereby increasing the 
productivity and health of fauna within the ecosystem. Seabirds can also provide energy 
to islands in the form of chicks, eggs and ectoparasites which may act as prey for 
predatory animals (Sanchez-Pinero & Polis 2000). 
1.3 Wrack as a Marine Subsidy 
Beach-cast wrack provides a potentially important conduit for marine production to 
enter the terrestrial environment. Wrack is an accumulation of detached macrophytes, 
which can occur either in the surf zone or on the shoreline (Hansen 1984). The 
movement of macrophytes from the marine to terrestrial environment can provide an 
alternative food source for many terrestrial animals (Stapp & Polis 2003) because little 
primary production occurs on the beach itself (Brown & McLachlan 1990; Colombini & 
Chelazzi 2003; Dugan et al. 2003). Macroinvertebrate communities inhabiting sandy 
beaches are supported almost entirely by allochthonous inputs of carbon and organic 
materials, including phytoplankton and macrophytes. 
Wrack plays a significant ecological role in subtidal regions. The food and shelter 
provided by wrack has lead researchers to conclude that it provides an important 
alternative to estuaries as a nursery ground for many fish species (Robertson & 
Lenanton 1984; Ayvazian & Hyndes 1995). Wrack in the subtidal also plays a 
significant role in providing carbon and nitrogen for pelagic feeders (Colombini & 
Chelazzi 2003). In nutrient poor waters, such as those in Western Australia, wrack is 
likely to provide the main source of nutrients to the surf zone region (Robertson & 
Lenanton 1984). 
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The few studies that have examined the role of wrack in terrestrial areas have shown 
that areas receiving wrack often support diverse and abundant consumers (Griffiths & 
Stenton-Dozey 1981; Polis & Hurd 1995, 1996; Polis et al. 1997). Consumers are 
influenced by bottom-up trophic effects from the allochthonous subsidy provided by 
beach-cast wrack (Colombini & Chelazzi 2003; Dugan et al 2003). Wrack along the 
shoreline is consumed by detritivores and scavengers, which can then fall prey to 
predators, such as spiders and scorpions, which in turn may be preyed upon by lizards, 
birds, rodents and mammals (Polis & Hurd 1995; Polis et al. 1997). 
The extent and process of marine influence on terrestrial food webs will depend partly 
on distance from the ocean. Whilst birds can deposit nutrients beyond the immediate 
shore, the direct influence of wrack as a marine subsidy is limited spatially as it arrives 
only at the shore (Stapp & Polis 2003). However, it may penetrate further inland 
through the movements and dispersal of consumers that rely on wrack as a food source 
(Stapp & Polis 2003). A study in Poland (Jedrzejczak 2002a), found that wrack-derived 
nutrients were transferred through the food web resulting in widespread effects, and 
completely dominated food chains within these sandy beaches. An increase in wrack 
biomass leads to an increase in consumers, and subsequently to an increase in all other 
consumers through the food web (Polis & Hurd 1995, 1996; Polis et al. 1997; Anderson 
& Polis 1998). 
1.4 Sandy Beach Ecology 
A distinctive feature of all exposed sandy beaches is the virtual absence of in situ 
primary production meaning that fauna are almost entirely dependent on subsidies for 
survival (Griffiths et al. 1983). Although there is no absolute definition of a sandy beach 
and its boundaries are not always clear, it should be considered as an ecosystem; a 
constantly changing intermediate zone between land and sea (McLachlan 1985). Each 
beach should be considered in terms of its physical boundaries, substratum, 
geographical features, food inputs, energy flows and its degree of exposure (McLachlan 
& Bate 1983). 
The ambiguity in defining sandy beaches has lead to various different descriptions and 
methods of zonation of sandy beaches. McLachlan and Jaramillo (1995) reviewed these 
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and concluded that the dynamic nature of sandy beaches and the fauna that live within it 
mean that zones change regularly and it is difficult to define long term boundaries. They 
did, however, suggest three broad boundaries based on characteristic fauna that were 
present on virtually all beaches that they studied. The supralittoral zone is the highest 
part of the beach and is higher than the drift line. The next zone is the littoral zone, 
which spans the intertidal area, while the third zone is the sublittoral zone which is 
regularly inundated with water. Storms and tides are constantly shifting these 
boundaries, and the faunal assemblages within them, so permanent zonation rarely 
exists (Knox 2001). 
Since wrack is the main source of food input into sandy beaches, the nature and 
distribution of sandy beach macrofauna are strongly influenced by its distribution 
(Griffiths et al. 1983). Macrofauna diversity and abundance increase from the high tide 
mark to the low tide mark (McLachlan 1985), except on beaches with wrack present 
where the reverse zonation occurs. The fauna is almost always directly related to the 
presence of wrack high on the beach (Koop & Griffiths 1982). Wrack material can 
become both an important food source for primary and secondary consumers as well as 
providing a protective habitat for macrofauna (Koop & Field 1980; Colombini et al. 
2000). Wrack-associated macrofauna comprise a significant proportion of the 
macrofauna community of sandy beaches (Griffiths et al. 1983; Dugan et al. 2003). 
Studies in South Africa (Griffiths & Stenton-Dozey 1981), New England (Behbehani & 
Croker 1982), New Zealand (Inglis 1989) and Poland (Jedrzejczak 2002a) found that 
when wrack is washed up onto the beach, there is a series of similar successional stages 
that take place. Primary consumers such as amphipods, flies and herbivorous beetles 
migrate almost immediately to fresh wrack as it is a source of food and shelter and is a 
place to lay eggs. Beetles initially colonise the wrack in low numbers in the first three 
days, after which time, they increase to high numbers and remain in wrack even when it 
dries out, at which time they dominate the fauna (Griffiths & Stenton-Dozey 1981). 
Secondary consumers such as carnivorous isopods, carnivorous beetles and birds 
subsequently move in to feed on the primary consumers (Griffiths & Stenton-Dozey 
1981; Griffiths et al. 1983; Colombini et al. 2000; Jedrzejczak 2002b). 
Food is not the only factor determining the community structure and abundance of 
macrofauna in wrack, as it can also provide shelter for fauna that may otherwise burrow 
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into the sand or occupy a different habitat. Wrack can also provide protection for 
invertebrates that may not be active during the day. Griffiths & Stenton-Dozey (1981) 
found that where only small amounts of wrack were present, amphipods fed in the 
wrack at night then deserted the wrack during the day and burrowed in the sand. 
However, when large amounts of wrack were present, there was sufficient protection for 
amphipods to feed throughout the day and night. 
Many factors influence macrofauna communities and abundance in wrack, including 
plant species, volume of wrack, dimension of mound, degree of compaction, age of 
wrack, moisture and position on the beach (Matthews & Queale 1997; Colombini et al. 
2000; McKechnie & Fairweather 2003). Chelazzi et al. (1983) found that all species of 
beetles present on sandy beaches utilised wrack, but there was a clear distinction 
between the marine and terrestrial species, with marine species choosing to occupy 
fresh, moist wrack, while terrestrial species occupied older, decaying wrack. 
1.5 Significance and Aims 
The role of wrack as a marine subsidy on terrestrial systems has received little attention. 
The majority of previous studies examining marine subsidies in terrestrial environments 
(Polis & Hurd 1995, 1996; Anderson & Polis 1999; Stapp et al. 1999; Sanchez-Pinero & 
Polis 2000) have focused on the influence of seabirds. Furthermore, nearly all the 
studies conducted on allochthonous input into terrestrial systems have been conducted 
in the nutrient poor desert island systems adjacent to highly productive marine systems 
in the Gulf of California (Polis and Hurd 1995, 1996; Anderson & Polis 1998; Stapp et 
al. 1999). There is little evidence to show if there will be the same responses in other 
geographic regions with different nutrient status. 
Unlike the islands in the Gulf of California, the ocean adjacent to Perth, Western 
Australia, is nutrient deficient, relying on macrophyte detritus as its main form of 
primary production (Robertson & Lenanton 1984). Hansen (1984) estimates that about 
20% of macrophyte production in south-western Australia passes through the shoreline 
areas, predominantly in the winter months. Wrack material may persist on the shoreline 
for only one tidal cycle, or can remain there for months (Robertson & Hansen 1982). 
Furthermore, the total biomass of macrofauna, epifauna, meiofauna, protozoans and 
bacteria in the subtidal area, has been shown to be one to three orders of magnitude 
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higher on a beach with wrack than on a beach without wrack in this region (McLachlan 
1985). 
Most of the beaches in the metropolitan area of Perth are open, reflective sandy beaches 
subject to low to moderate energy waves characterised by persistent south to south west 
swell (McLachlan 1985; Eliot et al. 1982). The tidal range is between O.lm and 0.9m 
during spring phases. The reflective nature of Perth beaches means that the intertidal 
area is a harsh environment, due to waves breaking directly on it, meaning few 
macroinvertebrates can survive in such an environment (McLachlan 1985). However, 
the presence of wrack in the intertidal area allows a macroinvertebrate community to 
exist in the intertidal zone. It is expected that the presence of wrack is very important 
for sandy beach macrofauna communities, and therefore many other food webs that are 
dependent on this macrofauna, on sandy beaches in Perth. 
It is important from an environmental management perspective to determine the 
influence of beach-cast wrack on sandy beach ecosystems in Western Australia, as there 
is considerable pressure to remove wrack from both the shoreline and surf zone. This is 
due to its offensive odour and the loss of aesthetically pleasing beaches (City of 
Wanneroo 2001). This study looks to test the basic premise of Polis' theory ofbeach-
cast wrack as an important marine subsidy for coastal habitats by identifying the 
influence of beach-cast wrack on the abundance, composition and diet ofmacrofauna on 
sandy beaches in Perth, Wes tern Australian. It will also assist in improving our 
understanding of the importance, if any, of wrack on these beaches. 
The specific aims are of the study were to: 
• Determine whether the presence of beach-cast wrack influences the abundance 
and composition of macroinvertebrates between the high water mark and 
primary dune of sandy beaches. 
• Determine whether beach-cast wrack acts as a source of carbon and nitrogen for 
macroinvertebrates between the high water mark and primary dune of sandy 
beaches. 
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1.6 Thesis structure 
Chapter 1 has provided a background on marine subsidies, in particular wrack and its 
potential influence on various beach ecosystems around the world. Chapter 2 explains 
methods and results of pilot studies, as well as justification and explanation of methods 
used for the study. Chapter 3 provides results of the field sampling conducted to 
determine the effects of wrack on macroinvertebrates. It also presents the results of the 
carbon and nitrogen stable isotope analysis used to determine if wrack is being utilised 
as a food source. Chapter 4 discusses the results in the context of previous studies and 
predictions are made on the importance of beach-cast wrack on sandy beaches in Perth. 
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2. Methods 
2.1 Preliminary Surveys and Pilot Studies 
Three separate pilot studies were conducted to determine the most appropriate sampling 
size and sampling unit for the main part of the study. There have been very few studies 
conducted in the same way, which means that there is no standard method to use. The 
first two of these studies were conducted at Two Rocks, as it consistently had a large 
volume of wrack, and the third was conducted at Whitfords. On all three occasions the 
beach was stratified into three zones (lower, middle and upper) running parallel to, and 
between the high water mark and the primary dune. Due to time constraints, only one 
zone was sampled in all pilot studies and this was restricted to the lower zone since it 
had the highest volume of wrack. 
2.1.1 Pilot Study One 
The aim of the first pilot study was to determine the most appropriate sampling 
approach for macroinvertebrates. The volume of wrack was randomly sampled using 12 
replicate 0.25m2 (50cm x 50cm) and 12 replicate 0.64m2 (80cm x 80cm) quadrats. The 
composition and abundance of epibenthic fauna was randomly sampled using seven 
0.25m2 and seven 0.64m2 quadrats. Each 0.25m2 quadrat was nested within the 0.64m2 
quadrat. Infauna were collected using a 10cm diameter acrylic core to a depth of 30cm. 
Three cores were collected from each 0.64m2 quadrat. Also five plots were randomly 
selected in a separate stretch of beach to place sticky traps. At each plot, two 240cm2 
yellow sticky traps were placed. The first was removed after two hours and the second 
was removed after four hours. 
Low abundances of macroinvertebrates were found in the wrack in all quadrats, 
regardless of size, except one series of quadrats, which yielded high abundances in both 
sizes of quadrat (Figure 2.1 ). The cumulative number of species increased in both sizes 
of quadrat (Figure 2.2). The low number of individuals found indicated that the size of 
each quadrat was not large enough. The large degree of variance indicated that the 
number of quadrats was insufficient. 
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Figure 2.1 Total abundance of epibenthic fauna in 50 x 50cm and 80 x 80cm quadrats in pilot study one 
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Figure 2.2 Cumulative number of species of epibenthic fauna in increasing number of 50cm x 50cm and 80cm x 
80cm quadrats 
Infauna! samples contained few macroinvertebrates. There were problems with the 
acrylic cores, so a new core was required. Since the low abundance of individuals may 
have been due to sampling size, another pilot was required to determine if the low 
abundances were real, or if more cores were required for each replicate. 
The sticky traps collected high numbers of flying fauna regardless of the time period for 
which they were set (Figure 2.3). There was only one additional species caught when 
sticky traps were set for four hours rather than two hours (Figure 2.4). Seven species 
were caught with three traps in both time periods (Figure 2.4). The high abundance of 
flying fauna and species richness indicated that two hours would be a sufficient time for 
traps to be set. 
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intervals in pilot study one 
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2.1.2 Pilot Study Two 
The results from the first pilot study indicated that further study was required to 
determine the most appropriate sampling approach for infauna and epibenthic fauna. 
The results showed that larger quadrats and a larger number of replicate quadrats and 
core replicates may be necessary. For the second pilot study, eight 0.64m2 replicate 
quadrats were nested within lm2 quadrats and were randomly placed in the lower zone. 
Wrack was collected and epibenthic fauna removed. Four 10cm diameter cores, using a 
metal corer, were taken from within each lm2 quadrat to collect infauna. 
There was little difference in the density of epibenthic fauna between the two sizes of 
quadrat (Figure 2.5). The cumulative number of species indicates that to adequately 
sample the full invertebrate assemblage seven 0.64m2 quadrats or eight lm2 quadrats 
would be appropriate (Figure 2.6). Only two species out of 25 were found in the larger 
quadrats that were not found in the smaller quadrat. Using cost benefit analysis to take 
into account appropriate sampling size and the amount of time required to undertake 
such a large sampling size, it was decided that seven 0.64m2 quadrats in each zone 
would be used to collect epibenthic fauna. 
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100 x 100cm quadrats in pilot study two 
Three of the four cores collected from each of the seven quadrats that were used to 
collect epibenthic fauna were sorted for infauna. Only four individuals were found 
(Figure 2. 7). Time constraints meant that no further sorting could be conducted. The 
results indicated that very little infauna were present. 
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Figure 2. 7 Total infauna abundance from each quadrat (three cores per quadrat) in pilot study two. 
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2.1. 3 Pilot Study Three 
The results of pilot study one indicated that two hours was a sufficient amount of time 
for the sticky traps to be left out but the most appropriate time of day was yet to be 
decided. Pilot three was therefore conducted at Whitfords Beach to determine the most 
appropriate time of day to set the traps. Five traps were set for two hours at three 
different times of the day; sunrise (7.15am to 9.15am), middle of the day (10.30am to 
12.30) and sunset (3.30pm to 5.30pm). Traps were also left overnight to determine if 
any new species were found during the night. 
Traps left overnight yielded the highest abundances of macroinvertebrates (Figure 2.8), 
however, these traps were left out for 10 hours, while the other traps were only left out 
for two hours. There were no different species found at night compared to all other 
times. Traps set during the middle of the day yielded the highest abundances of 
macroinvertebrates (Figure 2.8) and it also contained the greatest species diversity 
(Figure 2.9). 
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Figure 2.8 Mean abundance of flying fauna(+/- 1 S.E.) over two hours at midday, sunset and sunrise. Traps were 
also left out all night, AN is all night abundance standardised to two hours (n=5). 
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2.2 Preliminary Survey 
Preliminary surveys of wrack coverage were conducted at 11 beaches (Two Rocks, 
Y anchep Lagoon, Mullaloo, Pinnaroo Point, Whitfords, Trigg, Scarborough, City 
Beach, Swanbourne, Cottesloe and Leighton) to ensure that beaches to be sampled for 
the main study had wrack present or absent from the shore for approximately three 
weeks prior to sampling. These beaches were selected on the basis that they represented 
beaches that were typically either covered with or devoid of beach-cast wrack during 
the winter period. Surveys were conducted at every beach every three to five days for 
three weeks prior to commencing the main study. During this period, there were two 
large storms which impacted on beach size and wrack distribution. In total each beach 
was visited six times. On each occasion, the distance from the primary dune to the 
highest level of wet sand was measured to determine the high water mark. The beach 
was stratified into three zones; upper, middle and lower. At each beach the percentage 
of wrack cover was estimated in ten lm2 quadrats in each zone (Figure 2.10; 2.11; 
2.12). 
Three of the beaches, namely Cottesloe, Whitfords and Two Rocks, were selected as 
consistently having wrack present (Figures 2.1 O; 2.11; 2.12). These beaches are 
categorised as high wrack (+ wrack) beaches. Leighton, Scarborough and Trigg were 
selected as low wrack (- wrack) beaches, as preliminary surveys showed these three 
beaches as the only beaches that maintained very low or no wrack cover for the three 
weeks (Figure 2.10; 2.11; 2.12). Other beaches fitted the criteria, but beach morphology 
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(such as beach width) was different to the other beaches and it was necessary to have 
beaches as similar as possible to avoid any confounding effects. 
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2.3 Field Sampling 
2.3.1 Study Sites 
The study area ranged from Two Rocks (near Y anchep) in the north to Leighton (near 
Fremantle) in the south (Figure 2.13 ). All beaches were similar as possible in terms of 
beach width, gradient and other physical characteristics. 
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Figure 2.13 Map of Perth coastline identifying the location of high wrack beaches; Two Rocks, Whitfords, Cottesloe 
and low wrack beaches Trigg, Scarborough and Leighton 
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Cottesloe (high wrack) 
Positioned south of popular Cottesloe beach, close to a groyne, with extensive reefs 
offshore, this beach is part of a Fish Habitat Protection zone. During the preliminary 
sampling period, the beach width varied from 1 Om to 22m. High, vegetated dunes 
separate the beach from the road which is much higher than the beach. At the beginning 
of the preliminary sampling period, large wrack accumulations were present on the 
lower zone of the beach. During this time period, the piles moved along the beach and 
on the sampling occasion there were no large piles. Instead wrack was distributed across 
the entire beach (Figure 2.14). 
Figure 2.14 Cottesloe site on the day of sampling, 28 June 2004 (photo taken by R. Ince 2004) 
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Whitfords (high wrack) 
Situated directly south of Hillarys Marina, large seawalls cause accumulations of large 
amounts of wrack on this beach. During the preliminary sampling period, the beach 
width varied from 1 Om to 15m, when the dunes eroded away and steep, unvegetated 
faces separated the beach from dune vegetation. There was a significant area of 
vegetated dunes between the beach and recreational reserve. At the beginning of the 
preliminary sampling period, large wrack accumulations were present on the water's 
edge. Over time these accumulations moved and very large accumulations formed 
against the seawall approximately 1 OOm south of sampling area. The rest of the beach 
became covered in thin layers of wrack over the entire area (Figure 2.15). 
Figure 2.15. Whitfords site on the day of sampling, 18th June 2004 (photo taken by R. Ince 2004) 
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Two Rocks (high wrack) 
Located south of the marina, seawalls caused large accumulations of wrack to be 
present. The primary dunes are very low, but there is a large dune separating the beach 
from the road. During the preliminary sampling period, the beach width varied from 15 
to 30m. At one point, the entire beach, up to the primary dune, became completely 
inundated with water. During the first pilot study, wrack piles up to lm deep were 
present in the lower half of the beach. At the beginning of preliminary study, many 
large wrack piles were present along the water's edge, and over time, this material 
moved up and down the beach and eventually, wrack became thinly dispersed across the 
entire beach (Figure 2.16). 
Figure 2.16 Two Rocks (high wrack) site on day of sampling, 23rd June 2004 (photo taken by R. Ince 2004) 
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Leighton {low wrack) 
This site is part of a long, open stretch of beach. The beach width was approximately 
30m for the entire preliminary sampling period. Low, wide vegetated dunes separated 
the beach from the carpark and road behind. There was always wrack present on this 
beach, but in very low amounts and scattered across the whole beach (Figure 2.17). 
Figure 2.17 Leighton site (low wrack) on the day of sampling, 28th June 2004 (photo taken R. Ince 2004) 
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Scarborough (low wrack) 
This site was also a part of a long stretch of beach and varied in width from 20m to 30m 
over the preliminary sampling period. Low, vegetated dunes separate the beach from the 
carpark above. On some occasions there was a very small amount of wrack present. 
However, this stretch of beach is regularly mechanically cleared to remove all material 
from the surface, so any wrack present did not remain on the beach for long. On the day 
of sampling, no wrack was present (Figure 2.18). 
Figure 2.18 Scarborough site (low wrack) on the day of sampling, 24th June 2004 (photo taken R. Ince 2004) 
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Trigg {low wrack) 
Much the same as Scarborough, except occasionally small piles of wrack washed up and 
persisted on the beach. The beach remained approximately 30m in width during the 
entire sampling period. Medium sized, vegetated dunes separate the beach from carpark. 
On the day of sampling no wrack was present (Figure 2.19). 
Figure 2.19 Trigg site (low wrack) on the day of sampling, 18th June 2004 (photo taken R. Ince 2004) 
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2.3.2 Design and Rationale 
Field sampling for the main study was conducted over a two week period in June. Days 
were chosen to be as similar in weather as possible, although there was some variation 
in wind speed and direction and cloud cover. At each beach, the area from the high 
water mark to the primary dune was split into two zones; upper and lower, running 
parallel to the shoreline. A 'middle' zone was not included as preliminary surveys of the 
beaches showed that two of the beaches would not be sufficiently wide to have three 
zones. Within each zone, sampling was performed within a five metre wide strip centred 
in the zone and surrounded by a buffer on the shoreward and landward sides. 
In each zone, wrack volume and the composition and abundance of epibenthic and 
infauna macroinvertebrates were determined from seven randomly placed 0.64m2 
quadrats. Cores were placed within each quadrat for infauna. Within five of the quadrats 
in each zone, flying fauna was collected. Sand moisture and organic matter were also 
determined in each quadrat. 
2.3.3 Methods and techniques 
Wrack volume 
Within each quadrat, wrack was cut to collect only the wrack that lay within the 
quadrat. It was collected and placed in a plastic bag, sealed and returned to the 
laboratory. In the laboratory, wrack from each quadrat was placed in a 10 litre bucket to 
estimate wrack volume. Also, a visual estimate of macrophyte composition was made 
by determining the approximate percentage of each group ofmacrophyte. 
Macroinvertebrate sampling 
Within each sample of wrack, epibenthic fauna was sorted from the wrack by washing 
the sample through a series of sieves (2mm, 1mm and 500µm). The material remaining 
in the sieves was viewed under a dissecting microscope to sort into taxonomic groups 
using CSIRO (1991), Laurens Barnard & Karaman (1991), Matthews & Queale (1991) 
and Jones & Morgan (1994). Fauna was preserved in 70% ethanol and retained. In 
quadrats that contained no wrack, observations were made for epibenthic fauna on the 
beach. 
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Within each quadrat, after the removal of wrack of surface wrack, three I 0cm diameter 
cores were taken to a depth of 30cm to collect infauna. Samples were placed in plastic 
bags and returned to the laboratory, where the samples were washed through Imm and 
500µm sieves. The material remaining in the sieves was stained using Rose Bengal and 
then viewed under a dissecting microscope to collect macroinvertebrates. Infauna were 
preserved in 70% ethanol and sorted into taxonomic groups using CSIRO (1991), 
Laurens Barnard & Karaman (1991), Matthews & Queale (1991) and Jones & Morgan 
(1994). 
Flying insects were collected using "Bugs for Bugs, yellow sticky traps". Each trap was 
a piece of yellow cardboard with a 240cm2 glue area that was folded in half so that both 
sides had glue exposed. Each trap was placed on the sand or wrack material and held 
upright and in place with a tent peg, for two hours. In the laboratory all 
macroinvertebrates attached to the sticky traps were counted and sorted into taxonomic 
groups using CSIRO (1991) and Matthews & Queale (1991). 
Sand moisture 
In each quadrat, a 4.5cm diameter and 10cm deep core of sediment was collected. In the 
laboratory, the sand was weighed, dried at I 05°C for 24 hours and then reweighed to 
determine soil moisture loss from the sample (Rowell 1994). The weight lost from each 
sample was represented as a percentage of the original weight. 
Loss on Ignition 
A sample of dried sand (from the sand moisture processing) was then placed in a dry 
crucible to fill it two thirds full, weighed and then placed in a furnace at 500°C for 2 
hours. After cooling in a desicator, the crucible was reweighed to determine loss on 
ignition. 
2.3.4 Data Analysis 
Nested ANOV A was conducted in MacANOV A to test for significant effects of wrack 
presence, beach and zone on the abundance of macroinvertebrates. Where there was a 
virtual absence of macroinvertebrate ( epifauna and infauna) on low wrack beaches the 
three low wrack beaches were removed from analysis (Cherry 1998) and two-way 
analysis of variance (ANOVA) was conducted. All data were log10 (n + 1) transformed. 
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Data was checked for normality using Kolmogorov-Smimov test and homogeneity of 
variance using Levenes test. Data that could not be normalised was left and a lower 
significance level (0.01) was accepted (McGuinness 2002). 
Multivariate analyses were conducted in Primer version 5. Multi-dimensional scaling 
(MDS) and Analysis of similarities (ANOSIM) were used to compare the epifauna 
communities among samples on high wrack beaches. Low wrack beaches were not 
included due to the absence of fauna present. Data were square root transformed. Any 
samples containing no macroinvertebrates were removed from the data set to enable 
Bray-Curtis similarity matrix to be established. A species contribution to similarity 
(SIMPER) was used to identify species contributing the greatest amount of difference 
between groups. 
2.4 Stable Isotope Study 
Stable isotope analysis can potentially be used to trace nutrient flow from primary 
producers to consumers, by measuring the stable isotope signature of potential nutrient 
sources and comparing them to a consumer's signature (Lajtha & Michener 1994). They 
can be used to determine whether an organism is feeding on terrestrial or marine 
material and also indicate its position in the food chain. Carbon and nitrogen have two 
different stable isotopes (o13C/12C and o 15N/14N, respectively) one slightly heavier than 
the other. The relative abundance of these two isotopes in an organism gives it a 
measurable stable isotope ratio. Consumers acquire a stable isotope ratio that is similar 
to the food which it consumes (Lajtha & Michener 1994), offering the possibility of 
determining the diet of an organism by comparing its stable isotope ratio to that of 
possible food sources. Stable isotopes are often used as a way of examining trophic 
connections between marine and terrestrial ecosystems because organisms with a 
strictly marine diet are more enriched in o13C and o 15N than those with a strictly 
terrestrial diet (Peterson & Fry, 1987; Anderson & Polis, 1998). 
2.4.1 Design and Rationale 
The three high wrack beaches (Cottesloe, Whitfords and Two Rocks) were selected as 
sites for specimen collection for the stable isotope analysis. Each beach was stratified 
into three zones, upper, middle and lower. Epibenthic, infauna and flying fauna were all 
25 
r --
' 
i collected from each zone. All vegetation species from each zone and the primary dune 
f 
! ! were also collected from Whitfords beach. 
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2.4.2 Methods and Techniques 
Macroinvertebrate collection 
Wrack material and sand was collected from each of the upper, middle and lower zones 
of the beach. The wrack was then passed through 2mm and SOOµm sieves. 
Macroinvertebrates were then collected from the remaining material and separated into 
Orders. 
Flying fauna were collected from each zone using a net with SOOµm mesh size. The net 
was swiped over the surface of the wrack or sand. This was done until sufficient 
organisms were captured. 
Macroinvertebrates were separated into the following taxonomic groups Coleoptera, 
Diptera, Amphipoda and Araneomorphae. However one family of Coleoptera, 
Staphylinidae was also separated out. 
Preparation for stable isotope analysis 
Macroinvertebrate species collected on the beaches were kept alive in filtered, aerated 
seawater or in vials or bags with air holes overnight to clear their guts. The samples 
were then frozen to kill the organism before drying in epindorf tubes at 60°C (Lajtha & 
Michener 1994) for 48 hours. Dried samples were ground to a fine powder using a 
Retsch MM200 ballmill. Samples were stored in a dessicator until analysis. 
Vegetation samples were weighed to 6µg and placed in tin capsules. Samples were 
analysed for 815N and 813C using an ANCA 20/2- IRMS (Lajtha & Michener 1994). 
Dual analysis for 815N and 813C were run on all vegetation samples. 6µg of each sample 
was weighed into tin capsules and run against a flour standard. Macroinvertebrates had 
to be separated into functional groups due to the different ratios present in each. Beetle 
samples were dual run, with 2µg of each sample weighed into tin capsules and run 
against a fish standard. Amphipod, fly and spider samples had 815N and 813C analysis 
run separately. For 813C analysis, fly and beetle samples were weighed to 2µg and 
placed in tin capsules and run against flour standard. Amphipod samples for 813C 
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analysis were weighed to 4µg and placed in tin capsules and run against flour standard. 
815N analysis for amphipod, fly and spider samples required the same weights of sample 
as 813C, and were run against a fish standard. 
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3. Results 
3.1 Wrack 
There was a clear difference in the volume of wrack between high wrack and low wrack 
beaches on the day of sampling. The high wrack beaches (Two Rocks, Whitfords and 
Cottesloe) all had similar volumes of wrack present, while wrack was either absent or in 
very low volumes on low wrack beaches (Figure 3.1). Leighton was the only low wrack 
beach that contained any wrack, but only in low volumes. Two Rocks, Whitfords and 
Cottesloe had wrack present in both the upper and lower zones. Because of the enormity 
of the difference in wrack volume between high and low wrack beaches, data analysis 
was restricted to high wrack beaches only. A two-way ANOV A showed no significant 
differences in wrack volume either among or between beaches, or zones (Table 3.1). 
Furthermore, there were no interactions between these main effects. 
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Figure 3.1 Mean volume of wrack(+/- 1 S.E.) collected from the upper and lower zone of high wrack and low wrack 
beaches (n=7) 
Table 3.1 Summary of two way ANOV A results for wrack volume comparing high wrack beaches and zones within 
high wrack beaches 
Source df MeanSguare F p 
Total ZONE 1 42.00 1.00 0.42 
(significant at P<0.05) BEACH 2 9.24 0.22 0.82 
ZONE*BEACH 2 42.00 3.09 0.58 
Residual 36 13.59 
At the time of sampling, the composition of wrack at Two Rocks was composed entirely 
of seagrass, whereas it comprised a mixture of red algae, brown algae and seagrass at 
both Whitfords and Cottesloe (Figure 3.2). At Leighton, a low wrack beach, the wrack 
composition was similar to Whitfords and Cottesloe. There was little variation in the 
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composition of wrack according to position on the beach at any of the beaches (Figure 
3.2). 
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mSeagrass 
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Cottelsoe Leighton Scarborough Trigg 
Figure 3.2 Percentage composition by visual estimation of different groups of macrophytes in wrack collected from 
the upper and lower zone of each high wrack and low wrack beaches 
3.2 Physical Characteristics 
A nested ANOV A showed that there were no patterns in sand moisture according to 
whether beaches had wrack or not, or according to zones on the beach (Table 3.2). 
However, there were differences in sand moisture between beaches. Two Rocks had 
significantly higher sand moisture than all other beaches (Table 3.2, Figure 3.3). This 
difference can possibly be explained by a large rainfall event the day before sampling at 
Two Rocks, which did not occur prior to sampling at the other beaches. There were also 
no patterns in organic matter, measured by loss on ignition, according to whether or not 
beaches had wrack, or according to zones on the beach (Table 3.2, Figure 3.4). 
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Table 3.2 Summary of nested ANOV A results for log10 (n+ 1) sand properties comparing high wrack and 
low wrack beaches, beaches and zones. 
Soil Moisture 
(significant at P<0.05) 
L.0.1. 
(significant at P<0.05) 
14 
12 
- 10 ~ 
I s 
i 
0 
E 6 
,:i 
C 
c'1 4 
2 
0 
Source df 
WRACK 2 
BEACH (WRACK) 4 
ZONE 2 
WRACK*ZONE 1 
BEACH*ZONE 3 
Residual 71 
WRACK 2 
BEACH (WRACK) 4 
ZONE 2 
WRACK*ZONE 1 
BEACH*ZONE 3 
Residual 71 
Two Rocks Wlitfords Cottesloe 
+Wrack 
Mean Sguare F 
168.20 1.06 
159.20 171.70 
0.46 0.49 
0.62 0.67 
0.93 1.15 
0.81 
3.24 4.24 
0.76 0.99 
0.12 0.16 
1.24 1.62 
0.77 0.75 
1.03 
Leighton Scarborough Trigg 
-Wrack 
p 
0.43 
0.00 
0.65 
0.47 
0.34 
0.10 
0.52 
0.86 
0.29 
0.52 
Figure 3.3 Mean sand moisture (+/-1 SE) for upper and lower zone on all high wrack and low wrack beaches (n=7). 
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·1 
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Two Rocks IMlitfords Cottesloe Leighton Scarborough Trigg 
+Wrack -Wrack 
Figure 3.4 Mean Loss on Ignition of sand (+/-1 SE) for upper and lower zone on all high wrack and low wrack 
beaches (n=7). 
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3.3. Macrofauna 
Patterns in the abundance and composition of macro fauna were strongly associated with 
patterns in the presence and volume of wrack. Epifauna and infauna show a strong 
association with wrack, while the flying fauna results show only a weak link. 
3.3.1. Epifauna 
There were strong differences between high wrack beaches and low wrack beaches in 
the abundance and species richness of epifauna {Table 3.3). Fauna were consistently 
present on high wrack beaches, whereas Leighton was the only low wrack beach that 
contained any epifauna (Figure 3.5), which corresponded with the presence of some 
wrack at this beach. Because of the enormity of the difference in epifauna abundance 
between high and low wrack beaches, data analyses were restricted to high wrack 
beaches only. Within high wrack beaches, there were no significant differences in the 
abundance of epifauna among beaches or between zones, and there were no significant 
interactions between these main effects {Table 3.4). 
Coleoptera (beetles) and Diptera (flies) were the two most abundant taxa and were 
found at all beaches and zones where epifauna was found {Table 3.3, Figures 3.6, 3.7). 
These families were consistently found on high wrack beaches and were mostly either 
absent or present in low numbers at low wrack beaches. Coleoptera and Diptera each 
showed no significant difference in abundance between beaches or zones and there were 
no significant interactions {Table 3.4). Mesostigmata (mites) and Crustacea (amphipods 
and isopods) were present in much lower abundances than beetles and flies, but were 
found in both zones in all three high wrack beaches (Figure 3.8, Figure 3.9). ANOV A 
showed no significant difference among beaches or between zones or any significant 
interactions (Table 3.4). 
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Table 3.4 Summary of two way ANOV A results on log 10 (n+ l) transformed epifauna abundance comparing high 
wrack beaches and zones within high wrack beaches 
Source df Mean Sguare F 
Total 
(significant at P<0.05) 
Coleoptera 
(significant at P<0.05) 
Diptera 
(significant at P<0.05) 
Mesotigmata 
(significant at P<O.O I) 
Crustacean 
(significant at P<0.01) 
400 
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..!!! 300 
Ill 
::::, 
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"C 
-= 200 
-0 
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..Q 
E 
~ 100 
50 
ZONE 2 
BEACH 3 
ZONE*BEACH 1 
Residual 35 
ZONE 2 
BEACH 3 
ZONE*BEACH 1 
Residual 35 
ZONE 2 
BEACH 3 
ZONE*BEACH 1 
Residual 35 
ZONE 2 
BEACH 3 
ZONE*BEACH 1 
Residual 35 
ZONE 2 
BEACH 3 
ZONE*BEACH 1 
Residual 35 
Two Rocks IMlitfords Cottesloe 
+Wrack 
2.47 5.97 
2.52 6.08 
0.41 1.02 
0.40 
29.50 22.50 
5.45 4.16 
1.31 0.60 
2.18 
2.34 0.65 
3.97 1.11 
3.58 2.01 
1.78 
3.22 2.57 
1.26 1.00 
1.25 1.14 
1.10 
6.86 1.97 
4.09 1.17 
3.49 4.98 
0.70 
Leighton Scarborough 
- Wrack 
p 
0.13 
0.14 
0.37 
0.15 
0.34 
0.44 
0.66 
0.59 
0.16 
0.40 
0.61 
0.29 
0.45 
0.58 
0.03 
o Upper 
• Lower 
Trigg 
Figure 3.5 Mean abundance(+/- I SE) of total epifauna from the upper and lower zone of all high wrack and low 
wrack beaches (n=7). 
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Figure 3.6 Mean abundance(+/- 1 SE) ofColeoptera collected as epifauna from upper and lower zones on all high 
wrack and low wrack beaches (n=7). 
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Figure 3.7 Mean abundance(+/- 1 SE) ofDiptera collected as epifauna from upper and lower zones on all high 
wrack and low wrack beaches (n=7). 
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Figure 3.8 Mean abundance(+/- 1 SE) of Crustacea collected as epifauna from upper and lower zones on all high 
wrack and low wrack beaches (n=7). 
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Figure 3.9 Mean abundance(+/- 1 SE) of Acarina collected as epifauna from upper and lower zones on all high 
wrack and low wrack beaches (n=7). 
Few taxa were found on low wrack beaches, indicating a ma3or difference in the 
epifauna communities between high wrack and low wrack beaches. Due to the clear 
distinction between beach types, and low number of taxa present in low wrack beaches, 
multivariate analyses were restricted to looking at the differences in epifauna 
composition among beaches and zones within the high wrack category. The MDS 
ordination indicated that there were differences in composition of epifauna among 
beaches (Figure 3.10). This interpretation was supported by ANOSIM, which yielded 
significant differences between all three beaches (Table 3.5). There was also an 
indication that there were differences in epifauna composition between zones (Figure 
3.10). This was supported by ANOSIM (Table 3.5). However, this did not appear to be 
consistent for all beaches (Figure 3.10). PRIMER does not allow an interaction term to 
be run, but one-way ANOSIM run to test for differences between zones separately for 
each beach found that Two Rocks was the only beach with a significant difference 
between zones (Table 3.5). Four families (Staphylinidae, Curculionidae, Mesostigmata 
3, and Gerridae) were present in higher numbers in the upper zone across all three 
beaches. In contrast, none were consistently more abundant in the lower zone (Table 
3.3). Talitridae (amphipoda) was also present in very low numbers in the lower zone of 
all beaches, but at Two Rocks and Cottesloe it was present in high numbers in the upper 
zone (Table 3.3). At Whitfords few Talitridae were found in either zone. 
Most families were found on all high wrack beaches (Table 3.3), so it is the difference 
in abundances of each taxa rather than the presence or absence of taxa that have created 
35 
the differences among beaches and between zones. Curculionidae (Coleoptera) was the 
most abundant taxa (Table 3.3), and was also responsible for the greatest differences in 
composition between beach and zone (Tables 3.6, 3.7, 3.8, 3.9). There was a tendency 
for Curculionidae to be in greatest abundance in Cottesloe, then Two Rocks, then 
Whitfords (Table 3.3). Similarly, it tended to be in higher abundances in the upper zone 
than the lower zone across all beaches (Table 3.3), although univariate analysis showed 
none of these differences to be statistically different. Curculionidae was an important 
contributor to differences between all beaches because no other family showed such 
clear patterns. 
The difference between Cottesloe and the two other beaches is mainly due to the greater 
abundance of nearly all of the dominant families of epifauna (Tables 3.8, 3.9). The 
difference between Two Rocks and Whitfords is also because of the greater abundance 
of epifauna at Two Rocks (Table 3.7). The families that make up 80% of the 
dissimilarities between all three beaches are present in all three beaches, just in varying 
abundances (Table 3.3). 
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Figure 3.10 Two dimensional MDS ordination plot of the epifauna from upper and lower zones at high wrack 
beaches (Two Rocks, Whitfords and Cottesloe) (n=7) 
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3.3.2 Infauna 
Infauna were found at all three high wrack beaches, and only one individual was found 
at low wrack beaches (Table 3 .10). There was such a great difference between high 
wrack and low wrack beaches that analyses were limited to high wrack beaches (Figure 
3.11 ). In terms of total abundance of infauna, there were no significant differences 
between beaches, zones or in interactive term (Table 3.11 ). Coleoptera was the 
dominant taxon of infauna (Table 3.10) and dominated total infauna abundance (Figure 
3.12). Coleoptera abundance did not differ significantly between beaches or zones and 
there was no interaction between these main effects (Table 3.11). The four non 
Coleoptera families; (Sphaeromatidae, Talitridae, Hyalidae and Coelopidae) were 
present as infauna at Cottesloe, but were not present as infauna at any other beach 
(Table 3.10). One family was found as infauna at Cottesloe and at the low wrack beach, 
Trigg. All families found as infauna were also found as epifauna (Table 3.3, 3.10). 
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3.3.3 Flying Fauna 
Flying fauna occurred at all beaches. The presence of flying fauna at both high wrack 
and low wrack beaches enabled low wrack beaches to be included as part of statistical 
analysis. There was no significant difference in the overall abundance of flying fauna 
between wrack and low wrack beaches, but there was a significant difference in 
abundance of flying fauna between beaches and zones (Table 3.12). Whitfords had a 
significantly greater abundance than all other high wrack beaches (Figure 3.13). The 
upper zone had significantly higher abundances of flying fauna than the lower zone 
(Table 3.12, Figure 3.13). 
Table 3.12 Summary of nested ANOV A results on log10 (n+ I) transformed flying fauna abundance comparing low 
wrack and high wrack beaches, beaches and zones. 
Source df 
Total WRACK 2 
(significant at P<0.05) BEACH (WRACK) 4 
140 
120 
~ 100 
::I 
'C 
~ 80 
.!: 
~ 60 
G) 
..c 
§ 40 
z 
20 
ZONE 2 
WRACK*ZONE 1 
BEACH*ZONE 2 
Residual 48 
0 -1----------,.----'---
Mean Square 
3021.00 
12990.00 
97.41 
3.02 
1.32 
284.00 
F 
0.23 
9805.00 
73.52 
2.28 
0.00 
Tw o Rocks Vl,t,itfords Cottesloe Leighton Scarborough 
+ Wrack -Wrack 
p 
0.80 
0.00 
0.01 
0.27 
0.99 
a Upper 
• Lower 
Trigg 
Figure 3.13 Mean abundance(+/- I SE) of flying fauna from upper and lower zones on high wrack and low wrack 
beaches (n=5). 
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3.4 Stable Isotopes 
The mean o13C values of primary producers ranged between -5.79 and -27.01%0 (Table 
3.13). The two seagrass taxa (Posidonia and Amphibo/is) and red algae sp. 2 had the 
highest carbon values with mean values of -5.79, -11.34 and-12.68%0 respectively. Red 
Algae sp. 1 and brown algae had lower o13C of -19.82 and -17.47o/oo respectively. 
Terrestrial dune vegetation had the lowest o13C of -27.01 %0 which was distinct from all 
marine primary producers (Figure 3.14). The mean o15N values of marine primary 
producers ranged between 4.92 and 6.82%0 (Table 3.13). As with o13C values, the mean 
o15N value of terrestrial primary producers was distinct from all marine primary 
producers at 0.93o/oo (Figure 3.14). 
o13C and o15N values for all consumers showed little variation across the upper, middle 
and lower zones (Table 3.13), so further analysis considered all zones together. 
The carbon values of macroinvertebrates can indicate which primary producer is the 
primary food source. Amphipods collected from Cottesloe and Whitfords had similar 
o13C values. These values were most similar to red algae sp. 1 and brown algae, and 
thus, were consistent with consumption mainly of these two primary producers. 
However, the same o13C values could also be explained by consumption of dune 
vegetation and seagrass (Figure 3.14). Coleoptera from Whitfords and Cottesloe had a 
higher o13C value than Coleoptera from Two Rocks. The Cottesloe and Whitfords 
beetles were closest to Amphibo/is and Posidonia, however the consumption of 
Posidonia and red algae sp. 2 may also explain their o13C (Figure 3.14). The o13C of 
Coleoptera from Two Rocks were consistent with red algae sp. 1 and brown algae, 
although the consumption of dune vegetation and Posidonia may also explain their o13C 
value (Figure 3.14). Diptera from all three beaches had a o13C consistent with primary 
producers with brown algae and red algae sp. 1. However, the same o 13C could be 
explained by the consumption of dune vegetation and red algae sp. 2 or dune vegetation 
and Amphibolis (Figure 3.14). 
Coleoptera larvae, found only at Whitfords, had similar o13C value to Two Rocks 
beetles (Figure 3.14). These values were most similar to red algae sp. 1 and brown 
algae, and thus were consistent with consumption mainly of these two primary 
producers. However the same o13C values could also be explained by consumption of 
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dune vegetation and seagrass (Figure 3.14). Staphylinidae (Coleoptera) from all three 
beaches and spiders from Cottesloe and Two Rocks had a lower 513C value than all 
beetles (Figure 3.14). The 513C were most similar to red algae sp. 1 and brown algae, 
although it could also be explained by dune vegetation and red algae sp. 2, but the 515N 
indicates they were at a higher trophic level. 
The 515N values of the consumers ranged from 7.39 to 15.14%0 (Table 3.13). 
Araneomorphae, Staphylinidae (Coleoptera) and Coleoptera larvae had high 515N 
values, which indicates they occupy a higher trophic level than other consumers, and are 
most likely feeding on herbivorous beetles, flies and amphipods (Figure 3.14). The 513C 
and 515N values combined show that Staphylinidae (Coleoptera) from all beaches may 
be consuming Diptera and an unidentified source (with a lower 513C value) or 
amphipods and an unidentified source (with a lower 513C value). The 513C value of 
Araneomorphae and Coleoptera larvae indicate they may have consumed amphipods or 
Diptera. 
Table 3.13 Mean and Standard error o13C and o15N values for primary producers collected at Whitfords and 
macroinvertebrates collected at Whitfords, Two Rocks and Cottesloe in upper, middle and lower zone. 
SOURCE TROPHIC MEAN STANDARD ERROR 
POSITION 61sN 613c 61sN 613c 
Primary Producers 
Posidonia 5.98 -5.79 0.21 0.22 
Brown Algae 6.51 -17.47 0.24 0.15 
Amphibolis 6.22 -11.34 0.34 0.44 
Red Algae sp. I 6.82 -19.87 0.11 0.48 
Red Algae sp. 2 4.92 -12.68 0.29 0.25 
Dune vegetation 0.93 -27.01 0.41 0.46 
Consumers 
Araneomorphae upper Predator 12.86 -17.28 0.00 0.00 
Araneomorphae mid Predator 12.18 -17.02 0.00 0.00 
Araneomorphae low Predator 13.30 -18.72 0.00 0.00 
Staphylinidae upper Predator 14.07 -20.20 0.75 0.53 
Staphylinidae mid Predator 13.86 -20.51 0.46 0.33 
Staphylinidae low Predator 12.90 -20.77 0.00 0.00 
Coleoptera (larvae) 13.52 -18.31 0.00 0.00 
upper 
Coleoptera (larvae) 13.90 -18.13 0.00 0.00 
mid 
Coleoptera upper Herbivore 9.95 -13.82 0.75 1.66 
Coleoptera mid Herbivore 8.03 -8.77 0.65 0.23 
Coleoptera low Herbivore 8.27 -8.56 0.00 0.00 
Diptera upper 10.62 -18.80 0.47 0.87 
Diptera mid 10.50 -19.54 0.05 0.29 
Diptera low 10.49 -19.50 0.14 0.52 
Amphipod upper Detritivore 8.88 -16.23 0.73 0.05 
Amphipod mid Detritivore 9.29 -16.93 0.00 0.00 
Amp_hip_od low Detritivore 9.12 -17.76 0.00 0.00 
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4. Discussion 
This study has clearly shown that the presence of wrack influences macroinvertebrate 
abundance and distribution and the trophic structure on sandy beaches in Perth. This 
influence extends across the entire beach, with macroinvertebrate abundance, family 
composition and nutrient source showing no zonation from the high water mark to the 
primary dune. The composition of fauna can be variable among beaches on which wrack 
is present. These results will be discussed in light of previous studies throughout this 
chapter. 
4.1 The Affect of Wrack on Sandy Beach Macrofauna 
The large amount of beach-cast wrack that accumulates on sandy beaches in Perth 
(McLachlan 1985) has been shown through the present study to have a significant 
influence on the abundance and family composition ofmacroinvertebrates that inhabit the 
beaches. These conclusions are consistent with those of previous studies that have 
examined the role of wrack on beach ecosystems (Dugan et al. 2003; Griffiths et al. 1983; 
Inglis 1989; Jedrzejczak 2002a; Koop & Field 1980; Koop & Griffiths 1982; Llewellyn 
& Shackley 1996; McLachlan 1985; Polis & Hurd 1996). In this study, all beaches with 
high volumes of wrack (Cottesloe, Whitfords and Two Rocks) contained relatively high 
abundances and family richness of epifauna and infauna; these fauna were either absent 
or present in low abundances on beaches with low volumes of wrack. Leighton, the only 
beach in the 'low wrack' category to contain epifauna, was also the only 'low wrack' 
beach to contain wrack material, which further emphasises the influence of wrack on 
sandy beach fauna. Other characteristics of the beaches, such as sediment organic matter 
and moisture showed no significant differences between beaches with high and low 
volumes of wrack, while differences in physical characteristics such as beach width were 
not consistent between the two categories of beaches. In contrast, wrack was consistently 
present at high wrack beaches, but at best, present only in small volumes on low wrack 
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beaches. These results, therefore, provide strong evidence that wrack is a major 
contributor to the differences in faunal assemblages. 
Wrack provides macrofauna with a source of food and shelter that otherwise is absent 
from sandy beaches (Koop & Field 1980; Behbehani & Croker 1982; Colombini et al. 
2000; Jedrzejczak 2002a). In this study, stable isotope results suggest that 
macroinvertebrates derive their nutrients from marine-based rather than terrestrial 
vegetation. The c> 13C values of all macroinvertebrates from beaches in this study were 
closely related to macro-algae and seagrass. The assimilation of carbon from marine 
plants was most apparent for adult Coleoptera at Cottesloe and Whitfords, where their 
c> 13C values were similar to those of the seagrasses and a red alga. While the results for 
macroinvertebrates (amphipods, Diptera, Araneomorphae and Staphylinidae Coleoptera) 
is likely to be explained by the direct or indirect consumption of algae they could also be 
explained by the assimilation of carbon from a combination of dune vegetation and 
seagrass. However, the latter is unlikely for amphipods, a conclusion supported by their 
far greater feeding preference for brown algae by amphipods (K. Crawley, unpublished 
data.) Furthermore, previous studies (Griffiths & Stenton-Dozey 1981; Koop & Lucas 
1983; Robertson & Lucas 1983; Colombini et al. 2000) that found amphipods in high 
numbers in the surf zone and beach cast wrack concluded that amphipods use wrack as a 
food source (Jones & Morgan 1994). Herbivorous beetles also directly utilise wrack as a 
food source (CSIRO 1991; Jedrzejczak 2002b). Larval flies are also considered to feed 
directly on wrack while adults feed on the mucus that is exuded from the wrack (Griffiths 
& Stenton-Dozey, 1981). Thus, it is highly likely that many of the macroinvertebrates 
found on beaches with wrack in this study were gaining nutrients from marine, not 
terrestrial, vegetation. 
Although c> 13C values indicate a marine origin for the food source of macroinvertebrates, 
there was a difference in c> 1sN, indicating that more than one trophic level was present in 
the wrack macrofauna. Staphylinidae beetles and spiders had higher c> 1sN values than 
other macroinvertebrates, suggesting that they may be consuming wrack 
macroinvertebrates, such as amphipods, that had similar c> 13C values. This is consistent 
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with Colombini et al. (2000) who found predatory beetles, such as Staphylinidae, are 
attracted to wrack due to the amphipods and isopods it contains and on which they feed 
on. 
Infauna were only found at high wrack beaches, and consisted predominantly of beetles 
and amphipods. All families that were found as infauna were also found as epifauna in 
the wrack. During sampling, these animals were observed burrowing in the sand when 
disturbed. This was also observed in studies by Brazeiro & Defeo (1996), Llewellyn & 
Shackley (1996) and Jedrzejczak (2002b), who found that beetles dominated the sand 
closest to the surface, and by Marsden (1991), who found amphipods burrow into the 
sand to protect themselves from being washed out into the ocean. It is, therefore, likely 
that beetles and amphipods found on beaches in the present study feed on the wrack and, 
when threatened, burrow into the sand for protection from predation. 
Wrack clearly is a source of food for sandy beach macrofauna, either directly or 
indirectly, yet it almost certainly also provides protection from larger predators, such as 
birds that were observed on the beaches (personal observation). Low abundances of the 
flying fauna Dipterans (adults) were collected using sticky traps in this study but a much 
higher abundance was collected as epibenthic fauna within the wrack. It is likely that 
these flies are using the wrack as shelter and as a place to lay eggs (Colombini et al. 
2000). This finding is consistent with Jedrzejczak's (2002b) who found flies utilised 
wrack as shelter. 
4.2 Zonation of Macrofauna 
As sandy beaches are the intermediate area between the manne and terrestrial 
environments (Koop & Field 1980; Behbehani & Croker 1982; Llewellyn & Shackley 
1996; J edrzejczak 2002b ), it was hypothesised that on beaches where wrack was present 
there would be a compositional change in macrofauna, from marine fauna in the lower 
zone, as found by Colombini et al. (2000), to terrestrial fauna in the upper zone. It was 
also expected that abundance of fauna would be higher in the lower zone as it was 
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expected that marine fauna would dominate wrack communities. Along with this change 
in taxa, it was also hypothesised that the primary source of nutrients for macrofauna 
would change from marine sources in the lower zone of the beach to terrestrial sources in 
the upper zone near the dunes. 
Contrary to expectation, this study found no significant difference in abundance or in the 
primary sources of nutrients between the upper and lower zone of beaches with wrack. 
Furthermore, family composition varied between zones only at one beach (Two Rocks). 
Terrestrial fauna, beetles and flies dominated the epifauna assemblages in both zones of 
all 'high wrack' beaches. Despite the previous studies (Robertson & Lucas 1983; 
McLachlan 1985) showing high abundances of amphipods in wrack in surf zones and 
beach-cast along the coast of south-west Western Australia, amphipods in this study were 
present in low abundances and showed no significant difference in abundance between 
zones. Both zones of the beaches contained wrack and were dominated by terrestrial 
fauna, such as beetles, which derived their carbon and nitrogen almost entirely from 
marine inputs. The lack of zonation is likely to be explained by the dryness of wrack 
across the entire beach. Beetles are known to show a preference for dry wrack (Griffiths 
& Stenton-Dozey 1981), while amphipods are known to show a preference for moist 
wrack (Marsden 1991). Thus, zonation in the faunal composition may have occurred if 
the study was carried out at a time when moist wrack was present in the lower zone, 
which may explain the presence of amphipods in wrack in the study by McLachlan 
(1985) along the same coastline. 
4.3 The Spatial and Temporal Variability of Wrack and its Affect on Macrofauna 
There was a difference in macrofauna community structure among all three beaches with 
high volumes of wrack. Although all beaches had similar families present, it was the 
change in dominant families at each beach that caused those differences. The family 
contributing to the greatest difference between each high wrack beach was Curculionidae 
(beetle). The community structure of fauna associated with wrack can be influenced by 
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factors, such as wrack composition, distribution, volume, age and moisture content 
(Matthews & Queale 1997; Colombini et al. 2000) and the differences observed in this 
study might be explained by one or more of these wrack attributes, as discussed in the 
following paragraphs. 
There is a predictable series of succession that occurs within the wrack as it is washed up 
onto the beach (Colombini & Chelazzi 2003). The arrival and disappearance of certain 
species of wrack macro fauna can be related to the changes that occur to the wrack on the 
beach over time (Colombini et al. 2000). Firstly, marine animals, such as amphipods and 
sea skaters, get washed up with the wrack onto the beach (Jedrzejczak 2002b). 
Amphipods are highly mobile and those that are not washed up in the wrack can quickly 
inhabit fresh, moist wrack (Colombini et al. 2000; Jedrzejczak 2002b). Within a matter of 
hours, flies enter from the dunes into the wrack (Jedrzejczak 2002b). Within the first day, 
some herbivorous beetles from the dunes migrate to the wrack to feed on fresh material 
and within three days, predatory beetles and isopods recruit into the wrack to feed upon 
amphipods and fly larvae. Over time, beetle abundance increases until they dominate the 
fauna population (Colombini et al. 2000). 
Although preliminary sampling indicated that wrack had been present on all three high 
wrack beaches prior to sampling, there is no data to suggest how long the wrack had been 
present on each beach prior to sampling, or if the wrack was being washed out and 
replaced by new wrack, thereby keeping similar coverage, but with fresher material. The 
most dominant order across all three beaches with high wrack was Coleoptera 
(beetle).This contrasts with previous studies (Behbehani & Croker 1982; Griffiths et al. 
1983; Griffiths & Stenton-Dozey 1983; McLachlan 1985; Inglis 1987; Llewellyn & 
Shackley 1996; Jedrzejczak 2002b) which had similar families present, yet the 
assemblages were dominated by the Crustaceans (amphipods and isopods). It is likely 
that in the current study, in which the wrack is relatively dry, the macrofauna was at a 
later successional stage than the previous studies. 
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Wrack composition can affect macrofauna abundance and composition, as certain 
macroinvertebrates may show preferences to a certain type of wrack as a food source or 
because of the degree of shelter it offers (Colombini et al. 2000). Amphipods in the surf 
zone of Western Australia showed a preference of brown algae as a food source, over red 
algae (Robertson & Lucas 1983) so they are likely to be in higher abundances in brown 
algae in sandy beaches. In this study there was a difference in wrack composition among 
those beaches with high volumes of wrack, which might have contributed to the observed 
differences in assemblages among the beaches. Wrack at Two Rocks consisted entirely of 
seagrass, while Whitfords and Cottesloe had a mixture of seagrass, red and brown algae. 
It is possible that the difference in faunal composition between Two Rocks and the other 
two high wrack beaches is due to the difference in wrack composition. There was also a 
difference between Whitfords and Cottesloe, although it is likely that that is due to a 
different successional stage of wrack, as the wrack composition between both beaches 
was similar. 
The volume and distribution of wrack is also known to affect wrack macrofauna 
(Colombini et al. 2000). Although there was no significant difference in wrack volume or 
wrack distribution among high wrack beaches at the time of sampling the fauna, large 
wrack accumulations were present in places up to lm deep at Two Rocks during the first 
pilot study. On this sampling occasion virtually no epifauna or infauna were found. This 
was consistent with observations from South Australia, where large, dense wrack 
accumulations were devoid of animals and burrows that were found in smaller 
accumulations (McKechnie & Fairweather 2003). Similarly, Griffiths & Stenton-Dozey 
(1981) also found that certain groups of animals, such as amphipods, prefer larger wrack 
accumulations, rather than small thin wrack accumulations while in contrast, beetles 
prefer smaller wrack accumulations. This could account for the dominance of beetles in 
this study and not amphipods as found by previous studies. 
As mentioned previously, moisture content of beach cast wrack can also influence 
macrofauna. All of the high wrack beaches in this study had dry wrack which can explain 
a dominance of beetles and low abundances of amphipods when many other studies 
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(Behbehani & Croker 1982; Griffiths et al. 1983; Griffiths & Stenton-Dozey 1983; 
McLachlan 1985; Inglis 1987; Llewellyn & Shackley 1996; Jedrzejczak 2002b) have 
found the reverse. Amphipods, being marine fauna, prefer moist, fresh wrack as a food 
source and because they are more susceptible to desiccation (Marsden 1991). Beetles, 
being a terrestrial animal, prefer drier, older wrack and as wrack dries out, beetle 
abundance increases rapidly until they dominate the wrack community entirely (Griffiths 
& Stenton-Dozey 1981). 
Wrack is infrequently present on Perth beaches as it is storm events, with their strong 
winds and swells, that deposit the wrack (Lenanton et al. 1982; Robertson & Hansen 
1982). Unlike other parts of the world (Ochieng & Erftemijer 1999; Colombini et al. 
2000), tide plays only a minor role in delivering wrack to Perth beaches as they have a 
small tidal range of O.lm to 0.9m (Eliot et al.1982; McLachlan 1985). The influence of 
storms and large swell on wrack abundance and beach morphology was obvious in the 
preliminary study which showed that the width of some beaches varied up to 15 m during 
storm events. 
There are many other factors that contribute to the amount and dispersal of wrack both 
between beaches and within beaches, including: wind and swell direction; position of 
rocky protrusions both natural and man made (such as seawalls and groynes); and the 
health of seagrass meadows and reefs which are the original source of wrack material 
(Ochieng & Erftemijer 1999; Colombini & Chelazzi 2003). Changes in these factors can 
cause beach cast wrack to be highly variable, both spatially and temporally, as seen in the 
change in wrack cover of beaches during the preliminary survey. These environmental 
variables were not assessed as part of this study and so it is not possible to comment on 
their significance with any degree of certainty, though it would be worthwhile to assess 
them in future studies. 
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4.4 Wrack as a Marine Subsidy 
The influence of wrack on macroinvertebrate abundance and community structure 
indicates that wrack is an important determinant of sandy beach macrofauna in Perth. The 
marine influence covers the entire beach and contributes substantially to terrestrial 
populations of macro fauna. 
Previous studies on marine subsidies (Polis & Hurd 1995; Anderson & Polis 1999; Stapp 
et al. 1999; Sanchez-Pinero & Polis 2000) have focused on the importance of seabirds as 
providing marine subsidies and have speculated that wrack may also contribute some 
marine nutrients. The results from this study show that marine wrack is having a 
significant effect on primary consumers on sandy beaches in Perth. However, it can be 
hypothesised that the food chain implications of this could be significant, as found by 
Polis and co-workers, who found that an increase in abundance and productivity of lower 
trophic levels (such as macroinvertebrates) led to increased predatory species. 
Observations during this study suggest that some bird species are utilising the 
macroinvertebrates as a food source, which suggests that the presence of wrack, and 
therefore macroinvertebrates, might increase bird populations. During the preliminary 
study, I observed the regular presence of swallows around wrack accumulations, and 
higher numbers of silver gulls on high wrack beaches than low wrack beaches. This is 
supported Kirkman & Kendrick (1997) who identified certain bird species that are 
dependent on wrack invertebrates as a food source, in particular in Perth, silver gulls rely 
on kelp fly larvae and amphipods as a source of food in winter. 
As beetles and other terrestrial fauna enter the wrack from the dunes (Llewellyn & 
Shackley 1996; Matthews & Queale 1997), it is possible that when the wrack disappears 
from the beach, many of these return to other habitats in the dunes. This would lead to 
increased populations of marine subsidised fauna in the dunes, which in turn would 
increase the food source for predators, who then may move from the dunes and carry a 
diluted, marine nutrient value further inland. Highly mobile macroinvertebrates such as 
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flies have a much larger range and are able to carry the undiluted marine nutrients 
possibly beyond the dunes, and to other beaches, that may not contain wrack material. 
This is possible, as seen in this study by the presence of adult flies on low wrack beaches. 
The results of this study demonstrate that wrack is as important marine subsidy in Perth 
as it has found to be in other parts of the world (Griffiths et al. 1983; Polis & Hurd 1996; 
Stapp & Polis 2003). Polis' studies were limited to islands, so there was only a small area 
to have an influence over. However, it can be hypothesised that the influence of wrack as 
a marine subsidy in Perth may also extend further inland from the beach. 
4.5 Management Implications 
There is considerable public pressure both in Perth and around the world to remove 
wrack from sandy beaches, due to its perceived loss of pristine beaches and offensive 
odour (Ochieng & Erftemijer 1999; City of Wanneroo 2001). This study has identified 
that wrack plays an integral role in the sandy beach ecosystem. Any uncontrolled removal 
would therefore have significant ecological implications to this ecosystem. The removal 
of wrack will result in the loss or reduction of macrofauna populations from the beach 
and is likely to influence the food web in this environment. However, the magnitude of 
these effects is not yet fully understood. It can be predicted that the effect of the removal 
of wrack on macroinvertebrates would almost certainly affect larger predators, such as 
birds, in much the same way that the removal of wrack from the surf zone would affect 
fish (Robertson & Lenanton 1984). 
The transfer of wrack from the marine environment to the terrestrial environment results 
in a major source of energy for the sandy beach ecosystem. It is not only wrack on the 
beach that must be managed, but also the mechanisms through which wrack ends up 
being deposited. Protection of offshore reefs and seagrass meadows, the original source 
of wrack material, is essential. Consideration must also be given to the construction of 
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seawalls, groynes and other features that may influence the movement and deposition of 
wrack within the ocean and on beaches. 
4.6 Further Studies 
The influence of wrack on macroinvertebrates has been identified, but further studies into 
the effect of volume, composition and age of wrack on macrofauna may allow a regime 
to be developed where controlled wrack removal may be able to occur without having 
detrimental ecological impacts. Further research is required to determine the extent to 
which marine-based nutrients are being transferred both through food webs and 
geographically. This would address whether marine-based nutrients are subsidising more 
inland terrestrial environments. It is necessary for the potential source habitats; seagrass 
meadows and reefs, as well as the modes of transport of delivery to be identified. This 
would be useful to ensure that wrack inputs to sandy beaches would not be detrimentally 
affected by changes to connected habitats. 
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